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PERSISTENT EXPRESSION OF CANDIDATE MOLECULE 
IN PROLIFERATING STEM AND PROGENITOR CELLS 
FOR DELIVERY OF THERAPEUTIC PRODUCTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation of International Publication No. 
PCT/US04/00929, filed January 13, 2003, which application claims the benefit under 35 U.S.C. 
§ 119(e) of United States Provisional Patent Application Serial No. 60/440,152 filed January 13, 
2003. 

TECHNICAL FIELD 

[0002] The present invention relates generally to biotechnology and, particularly, to 
various methods of treating and using somatic stem cells and methods of delivering therapeutic 
products. More particularly, the present invention involves the use of homologous 
recombination in glial progenitor cells, mesenchymal stem cells, and astrocyte precursor cells, 
and includes the resulting cells. 

BACKGROUND 

[0003] Delivery of therapeutic proteins for treatment of disease typically involves 
utilizing viral vectors as gene delivery vehicles. Therapeutic proteins may be produced by 
introducing exogenous DNA encoding the protein into appropriate cells. However, the use of 
viral vectors has limitations including the potential for generating replication-competent viruses 
during vector production. Similarly, recombination may occur between the introduced virus and 
endogenous retroviral genomes generating potentially infectious agents with novel cell 
specificities, host ranges, or increased virulence and cytotoxicity. The virus may also 
independently integrate into large numbers of cells and the limited cloning capacity in the 
retrovirus restricts therapeutic applicability. Further, there is a short lived in vivo expression of 
the product of interest. Thus, it can be appreciated that new methods of delivering therapeutic 
proteins that are independent from viral vectors would be useful. 
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[0004] Stem cells are self-renewing cells capable of generating daughter cells 
possessing self-renewal ability and differentiation potential properties similar to the parent stem 
cell. Certain stem cells such as hematopoietic stem cells have life-long self renewal ability while 
other stem cells have shorter self-renewal ability. Stem cells are classified based upon their 
tissue of origin and differentiation ability. Pluripotent embryonic stems cells ("ESCs") can 
differentiate into any type of tissue. As ESCs differentiate, their lineage can be increasingly 
restricted into specific types of cells. For example, neural stem cells can generate derivatives in 
the central nervous system, while neural crest stem cells generate derivatives in the peripheral 
nervous system, liver stem cells, liver cells and pancreatic stem cells. Stem cells have been 
identified from multiple tissues including skin, blood, bone, gut and muscle and a partial list is 
provided in Table 1 . 

[0005] During differentiation, stem cells may generate more restricted precursors (also 
known as "progenitor" cells) which can undergo limited self-renewal but have a more restricted 
repertoire of differentiation. Glial progenitor cells, for example, can differentiate into multiple 
types of glial cells (i.e., astrocytes and oligodendrocytes) but not into neurons, while neuronal 
progenitors can generate multiple types of neurons but not astrocytes or oligodendrocytes. 
Restricted precursors have also been identified from multiple tissues and a partial list is provided 
in Table 2. 

[0006] Stem and progenitor cells are being used in a variety of therapeutic paradigms 
including isolating cells from a purified or enriched mixture and either directly transplanting or 
transplanting the cells after a period in culture into a particular tissue or organ. In some cases, 
cells are transplanted after additional manipulations such as transfecting or infecting genes into 
cells, labeling cells with dyes or antibodies, or pre-treating cells with growth factors and 
cytokines. 

[0007] Most methods of expressing genes in cells are limited because expression of the 
exogenous gene is down regulated or repressed by the cell's intrinsic mechanisms such as 
methylation, heterochromatin remodeling, and loss of stably expressing cells that are recognized 
as foreign. Evaluation of alternate methods to obtain stable expression in cells maintained for 
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prolonged time periods is an ongoing research program in multiple laboratories (see Yanez, RJ 
and Porter, AC, "Therapeutic Gene Targeting" Gene Then 1998 Feb 5 (2): 149-159). 

[0008] The possibility that homologous recombination could be used to insert genes 
into cells has been discussed and attempted off and on since the early 1980's. For example, 
Mario Capecchi et al. developed a method of selecting cells in which homologous recombination 
has occurred. See, e.g., U.S. Patents 5,464,764, 5,487,992, 5,627,059, 5,631,153, and 6,204,061 
(the contents of all of which are incorporated herein by this reference). However, success has 
been somewhat limited in stem cells because of inefficient gene targeting, the low natural 
abundance of stem cells in vivo, and the difficulty in maintaining stem cells or progenitor cells in 
an undifferentiated state in vitro for the number of cell divisions required to select a low 
efficiency homologous recombination event. Furthermore, somatic cell homologous 
recombination, including stem cells, has proven far more difficult. 

[0009] To date, homologous recombination has been limited to embryonic stem cells 
for three primary reasons. First, initial efforts to use the technology for gene replacement in 
somatic cells (such as immortalized fibroblasts) were not encouraging; success was unacceptably 
infrequent and the failure of several influential laboratories discouraged serious attempts to adapt 
the Capecchi technology for somatic cells. It is likely that the efficiency of homologous 
recombination will prove to be highly cell type-specific. 

[0010] Second, for most common uses of homologous recombination, somatic cells 
have substantial complications as compared to ESCs. Unlike ESCs, somatic cells require cell 
culture manipulations to ensure that both alleles of a given gene are replaced. Many reasons 
have been attributed to the difficulties with somatic cells including the inability to grow cells for 
long periods and the inability to select appropriate, efficient vectors. Thus, for the best 
appreciated uses of homologous recombination, the procedure in somatic cells is intrinsically 
more difficult and substantially more involved than for ESCs. 

[0011] Third, under the best conditions, homologous recombination in mammalian 
ESCs occurs at a frequency of roughly one per million of the starting cell population. If the 
homologous recombination procedure is to be successfully adapted for use in any specific 
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primary cell type, then the cell type should be amenable to at least 24 rounds of cell division in 
culture to yield roughly 10 million cells. For the best characterized hematopoietic stem cell type 
from bone marrow, no more than 2-3 cell divisions have been achieved in culture. However, 
ESCs are not ideal therapeutic candidates because they are derived from embryos which raise 
political and ethical considerations. Furthermore, ESCs may proliferate spontaneously to form 
tumors and may not respond appropriately to in vivo differentiation signals. 

[0012] Thus, it can be appreciated that a need exists to identify a strategy to obtain 
persistent expression of candidate molecules in cells other than ESCs. 

DISCLOSURE OF THE INVENTION 

[0013] The present invention involves a novel method of stable expression of 
molecules in stem or progenitor cells using a technique of homologous recombination in somatic 
cells. Somatic or progenitor cells may be grown in culture such that the somatic or progenitor 
cells remain undifferentiated, express TERT, maintain telmorase activity and demonstrate a 
capacity for self-renewal. In an embodiment, the stem or progenitor cells may comprise glial 
progenitor cells, mesenchymal stem cells, astrocyte precursor cells, and any mixtures thereof. 

[0014] A gene of interest may be cloned into a construct or vector backbone such that 
expression of the protein of interest may be regulated by a constitutively active ubiquitous or cell 
type-specific promoter. The vector may be inserted into cultured stem or progenitor cells by a 
variety of methods, including, but not limited to electroporation, Lipofection™, cell fusion, 
retroviral infection, cationic agent transfer, CaP0 4 , transfection and combinations thereof. The 

vector design may be such that it contains regions of homology with specific sequences in the 
human, rat or mouse genome. In an embodiment, the regions of homology may have 100% 
homology. Such homologous sequences may include but are not limited to the Rosa locus, the 
RNApolII locus and the beta-actin locus. These homologous sequences allow recombination to 
occur between the inserted DNA and the homologous sequences in chromosomal DNA as the 
cell undergoes replication. The invention also includes a somatic or progenitor cell produced by 
this method. 
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[0015] The invention also includes stem or progenitor cells having DNA inserted into 
the homologous site that may be isolated and selected using a selectable gene marker. The cells 
may then be used for subsequent experiments including, but not limited to, transplanting the stem 
or progenitor cells into a subject such that replacement of a gene product corrects an abnormality 
or deficit. Examples of such abnormalities or defects include loss of a catalytic enzyme, 
reduction in levels of growth factors or their receptors, and novel expression of a protein in a cell 
not normally expressing the protein. 

[0016] Another embodiment of the invention includes generating stem or progenitor 
cell lines in which at least one homologous recombination event has successfully occurred such 
that at least one sequence has been placed at a selected site in the genome of the stem or 
progenitor cell such that the same selected site may be repeatedly targeted. For example, a first 
homologous recombination event may insert a gene sequence that enhances later homologous 
recombination events at the same location. The inserted gene sequence may be replaced with a 
third gene or fourth gene in a reproducible manner. 

[0017] Yet another embodiment of the invention includes undertaking homologous 
recombination in a somatic cell and obtaining multiple clones of cells that express different 
candidate growth factors for evaluating the efficacy of growth factor delivery in vivo and 
allowing direct comparisons of gene expression. 

[0018] Another embodiment of the invention includes undertaking homologous 
recombination in a particular locus and then reselecting the obtained clone for a second 
recombination event which duplicates the change introduced by the first recombination event at 
the second allele. Such homozygous mutant cells may be obtained by either reselecting using a 
higher concentration of the selection agent or undertaking a second recombination process as the 
first in the same cell line. Another embodiment includes modifying a promoter capable of 
controlling expression of the gene of interest. The modification may include replacing at least a 
portion of the promoter with a product capable of providing additional regulation of expression 
of the gene product. 
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[0019] A subject may be incapable of producing the gene of interest or may be 
incapable of expressing normal levels of a gene of interest. After homologous recombination has 
occurred, the gene of interest may be delivered to a subject using a purified or enriched 
population of the somatic or progenitor cells. Delivery may comprise in vitro or in vivo delivery 
of the gene of interest. In an embodiment, delivery may comprise expressing the gene of interest 
in the subject. 

[0020] Another embodiment of the present invention includes an isolated population of 
glial progenitor cells capable of expressing an endogenous protein introduced into the glial 
progenitor cell through homologous recombination. The glial progenitor cell may lack MHC 
expression. The glial progenitor cells may be capable of differentiating, expressing TERT, 
maintaining telomerase activity and self-renewal. 

[0021] Another embodiment of the present invention includes an isolated population of 
mesenchymal stem cells capable of expressing an endogenous protein introduced into the 
mesenchymal stem cell through homologous recombination. The mesenchymal stem cell may 
lack MHC expression. The mesenchymal stem cells may be capable of differentiating, 
expressing TERT, maintaining telomerase activity and self-renewal. 

[0022] Another embodiment of the present invention includes an isolated population of 
astrocyte precursor cells capable of expressing an endogenous protein introduced into the 
astrocyte precursor cell through homologous recombination. The astrocyte precursor cells cell 
may lack MHC expression. The astrocyte precursor cells may be capable of differentiating, 
expressing TERT, maintaining telomerase activity and self-renewal. The invention also includes 
homologously recombined somatic stem or progenitor cells for use in treating disorders, 
including neurological or neurodegenerative disorders. 

[0023] The invention also includes a method of gene therapy including using an 
isolated population of glial progenitor cells, mesenchymal stem cells, astrocyte precursor cells, 
or a mixture thereof, that express an endogenous protein introduced into the cells through 
homologous recombination for ex vivo gene therapy. 
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[0024] A method of manufacturing a pharmaceutical preparation for the treatment of a 
neurological or neurodegenerative disorder, comprising using the homologously recombined 
somatic stem or progenitor cells of the present invention, together with a pharmaceutically 
acceptable excipient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 depicts examples of commercially available plasmids for homologous 
recombination in somatic cells. Note multiple promoters may be used and the backbone 
containing the targeting construct may vary. Plasmids may be transferred to the somatic cell by 
electroporation, Lipofection™, calcium phosphate mediated DNA transfer or by retroviruses. 

[0026] FIG. 2 depicts examples of vectors that may be used according to the present 
invention. Vectors may be designed to utilize endogenous promoters, provide ectopic promoters 
or identify endogenous promoters. 

[0027] FIG. 3 depicts an example of recombination where the replaced gene utilizes the 
endogenous promoter sequence to drive cell-type specific expression. 

[0028] FIG. 4 depicts an example using a vector containing an IRES site to direct 
expression of a transcript from an endogenous promoter. 

[0029] FIG. 5 depicts utilization of SA sites to disrupt the endogenous gene and 
generate a desired transcript or a fused transcript. 

[0030] FIG, 6 is an example of cell type specific expression with Cre mediated 
recombination to remove the flanking selection sequences. Note that other systems including 
<DC31/AttP/AttB or Fly/FRT may also be used. 

[0031] FIG. 7 illustrates an example of repeated homologous recombination. Note 
repeat targeting may be performed in several manners and one example using Floxed sites is 
shown. 

[0032] FIG. 8 illustrates glial progenitor stem cells ("GRP") cells expressing 
telomerase activity (part A). NEP cells and El 4 mixed cells were obtained from freshly 
dissected El 0.5 and E14 embryos. A2B5 positive GRP cells were selected from E14 mixed cells 
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sorted by flow cytometry. Extracts, equivalent to 1000 cells were analyzed for telomerase 
activity with standard TRAP assay. Levels were quantified and are presented in a table format 
(part b). "HI" samples are heat-inactivated controls. TERT expression was assessed by RT-PCR 
using gene specific primers (part c). 

[0033] FIG. 9 illustrates immortalization of A2B5-immunoreactive cells. 
A2B5-immunoreactive cells were purified by immunopanning and immortalized using v-myc as 
an immortalizing oncogene. Some cells were grown in the presence of tetracycline and their 
proliferation rate assessed by BRDU incorporation (part C and part D), while other immortalized 
cells were cultured for 1 week in the presence of PDGF/ T3, FBS, or CNTF to promote 
oligodendrocyte (part E) and astrocyte (parts F and G) differentiation. Part A shows a 
representative field stained with A2B5 (red) and DAPI (blue) to show that the isolates comprise 
of A2B5-immunoreactive cells (_ 95%). Part B outlines the procedure followed to obtain 
immortalized subclones. Parts C and D show that the rate of proliferation as assessed by BRDU 
incorporation (red) is dependent on tetracycline, indicating that the tetracycline-regulatable 
v-myc is functional. Parts E, F, and G show that immortalized cells can differentiate in 
oligodendrocytes (Part E: Gal-C, red), A2B5_ astrocytes (Part F: GFAP, green; A2B5, red) and 
A2B5_ astrocytes (Part G: GFAP, green; A2B5, red). Note the difference in morphology of the 
A2B5_ and A2B5_ astrocyte populations (compare parts F and G). 

[0034] FIG. 10 depicts characteristics of the immortalized cells. A2B5-immortalized 
cells were passaged (P7) and grown in DMEM/F12 medium supplemented with FGF (10 ng/ml). 
Cells were harvested after 510 days in culture as expression of different markers was tested by 
RT-PCR (parts A and B) or by immunocytochemistry (parts D-J). For some experiments, 
immortalized cells were differentiated and the acquisition of markers was assessed (parts C and 
H) and in other experiments, expression was compared with expression in non-immortalized 
cells (part J). Immortalized cells do not express PDGF-R, NF, or olig-2 (parts A and B) and only 
a subset of cells express Nkx2.2 (part G: Nkx2.2, red; A2B5, green) or GD-3 (part I: GD-3, red; 
DAPI, blue), which is similar to GD-3 expression seen in unimmortalized cells at El 4.0 (part J: 
GD-3, red; A2B5, green). Most immortalized cells express nestin (part A; compare parts D and 
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D_), 4D4 (part F) 5 and HNK-1 (part E). Expression of other glial precursor markers such as 
Ngn3, olig-1, and PLP/DM20 can also been seen. Note that only the DM20 splice form of the 
PLP/DM20 transcript can be detected by PCR (part A) and only more mature appearing cells are 
immunoreactive with PLP/DM20 antibody in the differentiated state. 

[0035] FIG. 1 1 illustrates GFP-labeled subclones can differentiate into astrocytes and 
oligodendrocytes. A2B5-immortalized cells expressing GFP were isolated as described and 
passaged (P10) cells were grown in DMEM/F12 medium supplemented with FGF (10 ng/ml) 
and cells were harvested after 5-10 days in culture (parts B and B_) and integration of v-myc was 
assessed by Southern blot hybridization (part A). Cells were replated in conditions that promote 
astrocyte differentiation [parts C and C_; DMEM/F12, FGF (10 ng/ml), and BMP (10 ng/ml)] or 
oligodendrocyte differentiation [parts D and D_; DMEM/F12, FGF (10 ng/ ml), and growth 
factors]. GFP expressing cells show a single integration site using three different restriction 
enzymes (part A) and virtually all GFP-expressing cells continue to express A2B5 under 
proliferation conditions (parts B and B_). GFP-expressing cells can differentiate into astrocytes 
(parts C and C_) or oligodendrocytes (parts D and D_) under appropriate growth conditions, 
indicating that expression of GFP does not alter the ability of this clone to differentiate into 
astrocytes and oligodendrocytes. 

[0036] FIG. 12 illustrates an example of repeated homologous recombination. Note 
repeat targeting may be performed in several ways and one example using a single Floxed site is 
shown. 

[0037] FIG. 13 depicts neomycin sensitivity in GRPs. Part A shows GRPs 
exponentially growing under high magnification. Part B shows GRPs plated without neomycin 
(G418) under low magnification. Part C shows GRPs plated with neomycin (G418) under low 
magnification. 

[0038] FIG. 14 shows stable transfection of GRPs. Part A shows untransfected GRPs. 
Parts B and C show neomycin (G418) resistance clones. 
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[0039] FIG. 15 illustrates vector used in an embodiment of the presently claimed 
invention wherein IRES-neo sequences were cloned into the 3' non-coding sequence (flanking 
exon 28) of the mouse Polr2a locus. 

[0040] FIG. 16 illustrates targeted transgene integration by homologous recombination 
in mouse glial progenitor cells. 

[0041] FIG. 17 depicts the PCR results from one embodiment of the presently claimed 
invention. Part A depicts PCR with oligonucleotides flanking presumptive IRES-neo insertion. 
Two clones (2 and 13) showed bands larger than wild-type. In part B, an additional PCR was 
performed with one oligonucleotide primer within IRES-neo and one in Polr2a sequence 
flanking the target vector. 

BEST MODE OF THE INVENTION 

[0042] Homologous recombination has been used to create transgenic mice and to 
target some loci in cell lines and some somatic cells. However, success has been variable and 
dependent upon developing appropriate conditions and vectors for a specific cell type. In 
general, cells must undergo sufficient number of cell divisions, be capable of being selected and 
of growing at low density to be viable candidates for homologous recombination. Few cells 
fulfill these criteria and consequently successful homologous recombination has been restricted 
to embryonic stem cells, immortalized cell lines and fibroblast cells. 

[0043] As stated, ESC are not ideal therapeutic candidates in part because they may not 
respond appropriately to differentiation signals. However, intermediate-lineage glial progenitors 
have a differentiation repertoire restricted to forming glial tissue and are normally present in the 
adult brain and spine where they respond to in vivo signals. Further, the oligodendrocyte subtype 
is primarily responsible for producing myelin, the protective sheath surrounding nerve fibers in 
the central nervous system ("CNS"). Loss of oligodendrocyte cell function plays a major role in 
the onset of demyelinating disorders such as multiple sclerosis. 

[0044] Methods of isolating purified populations of glial restricted precursor cells have 
been shown and offer the possibility of resolving the traditional obstacles to homologous 
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recombination in somatic cells because it has been shown that glial progenitor cells may be 
maintained in culture for prolonged periods of time while retaining their characteristics. Further, 
it was recently demonstrated that glial progenitor cells may be immortalized, foreign genes may 
be introduced and the cells may be selected for expression of the foreign gene. See, Wu et al. 
"Isolation of a Glial-Restricted Tripotential Cell Line from Embryonic Spinal Cord Cultures" 
GLIA 38: 65-69 (2002) the contents of which are incorporated herein by reference. Further, glial 
progenitor cells express high telomerase levels. See, Sedivy, "Can Ends Justify the Means? 
Telomeres and the Mechanisms of Replicative Senescence and Immortalization in Mammalian 
Cells" PNAS USA 95: 9078-9081 (August 1998) the contents of which are incorporated herein 
by reference. According to the present invention, progenitor cells which are self-renewing for at 
least 20 passages, capable of differentiating into glial cells and telomerase positive are candidates 
for homologous recombination events. {See, FIG. 8.) 

[0045] More than 90% of the CNS cells are glia and glial cell therapies are potentially 
important in the treatment of a wide range of neurological disorders including demyelinating and 
neurodegenerative disorders. Glial cells are essential for maintaining neuronal survival and 
normal function, modulating neurotransmitter metabolism, and synthesizing myelin to maintain 
optimal signal propagation between neurons. Loss of glial function plays a primary role in 
demyelinating disorders ranging from multiple sclerosis, spinal cord injury, subcortical stroke, 
cerebral palsy, and inherited disorders including leukodystrophies. Glial dysfunction is also a 
major factor in neurodegenerative diseases including Parkinson's disease, Amyotrophic Lateral 
Sclerosis ("ALS"), Huntington's disease and lysosomal storage disorders including, but not 
limited to, Tay-Sachs disease, Hurler syndrome, Gaucher's disease, Fabry's disease and Late 
Infantile Neuronal Ceroid Lipofuscinosis ("LINCL"). Thus, glial progenitor cells are an ideal 
therapeutic candidate. 

[0046] The glial progenitor cells are also ideal therapeutic delivery vehicles because of 
their exceptional capacity to multiply, migrate to the site of infection and differentiate into 
oligodendrocyte and astrocyte subtypes. It is contemplated that such diseases may be treated in a 
variety of mariners including genetically encoding glial progenitor cells to express exogenous 
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protein factors and delivering the cells to damaged tissues, mobilizing endogenous progenitor 
stems cells by delivering inductive growth factors and/or cell replacement therapy. However, a 
major impediment to such therapies has been the lack of a suitable therapeutic candidate. The 
present invention provides a method of using homologous recombination to create viable 
therapeutic candidates. 

[0047] One key to successful homologous recombination in stem or self-renewing 
progenitor cells (primary cells) is achieving the ability to propagate these cells essentially 
unchanged in culture for many generations. This may be accomplished directly by actually 
passaging the cells in culture for many generations or inferred from high expression levels of the 
enzyme telomerase that marks immortal cells. It was recently shown that glial progenitor cells 
may be maintained through more than 30 generations in culture as well as express high levels of 
telomerase, a biochemical marker for cell immortality. Mesenchymal cells may also be 
propagated indefinitely in culture (more than 40 generations) and exhibit high telomerase levels. 
Other classes of stem and progenitor cells are expected to exhibit similar characteristics 
including, but not limited to astrocyte precursor cells. See, Sommer and Rao, "Neural Stem 
Cells and Regulation of Cell Number," Progress in Neurobiology, 66: 1-18 (2002). 

[0048] Initial failures with homologous recombination in somatic cells may be 
attributed to a lack of appreciation for the importance of critical experimental parameters. For 
example, a 100 percent match may be required between experimentally manipulated targeting 
sequences and target sequences in the cell. (See Yanez, RJ and Porter, AC, "Therapeutic Gene 
Targeting" Gene Then 1998 Feb 5 (2): 149-159.) The present invention demonstrates that 
homologous recombination occurs efficiently in at least one specific genetic locus in glial 
progenitor cells, mesenchymal stem cells, and astrocyte precursor cells. 

[0049] The use of homologous recombination directed transgene integration for 
controlled drug delivery has been essentially ignored in the largely non-overlapping fields of 
stem cell research and homologous recombination. The present invention provides new 
characterization of the growth properties of stem and progenitor cell populations in culture and 
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the technique of homologous recombination to define an unprecedented strategy to obtain 
persistent expression of candidate molecule in proliferating stem and progenitor cells. 

[0050] In general, the homologous recombination process may be characterized as 
beginning with a cell into which DNA of interest is introduced. In the present invention, the 
starting cell may be any self-renewing somatic stem cell that differentiates into a glial cell type 
and is telomerase positive. Exemplary cells include but are not limited to glial progenitor cells, 
mesenchymal stem cells, and astrocyte precursor cells. Based upon the data obtained from the 
Examples herein, it is expected that homologous recombination according to the present 
invention will be possible in all progenitor cells having self-renewal ability, expressing 
telomerase, and having the ability to differentiate into glial cells. 

[0051] After introduction of the DNA, homologous recombination is permitted to occur 
between the DNA of the cell and the introduced DNA such that the cell may then express a 
product encoded by the inserted DNA. In the present invention, DNA may be introduced into a 
particular locus in the DNA of the cell which is expressed in the progenitor cell or its 
differentiated progenitor. Examples of such loci include, but are not limited to Rosa locus, RNA 
pol II and genes specific to the progenitor cell type, for example, but not limited to cyclic 
nucleotide diphosphatase ("CNP"), myelin basic proteins ("MBP") and proteolipid proteins 
("PLP"). 

[0052] According to the invention, DNA may be introduced into the cell by a variety of 
methods including, but not limited to electroporation, Lipofection™, cell fusion, retroviral 
infection, cationic agent transfer, CaPO^ transfection and combinations thereof The DNA to be 
introduced into the cell may be introduced in a variety of formats including, but not limited to, 
DNA constructs, DNA plasmids, lambda phage, BAC (bacterial artificial chromosome), and 
YAC (yeast artificial chromosome). 

[0053] A homologously recombined stem or progenitor cell may be combined with a 
pharmaceutical^ acceptable carrier or excipient as known in the art. Suitable pharmaceutical 
carriers include inert solid diluents or fillers, sterile aqueous solutions and various organic 
solvents. The pharmaceutical compositions formed by combining a homologously recombined 
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stem or progenitor cell and a pharmaceutical^ acceptable carrier may be administered in a 
variety of dosage forms such as tablets, powders, lozenges, syrups, injectable solutions and the 
like. Dosage may be made by a person of ordinary skill taking into account known 
considerations such as the weight, age, and condition of the subject being treated, the severity of 
the affliction, and the particular route of administration chosen. 

[0054] In a particular embodiment, an internal ribosome entry site ("IRES") protein is 
inserted at a particular locus where homologous recombination will occur so that the recombined 
gene will be regulated by the endogenous promoter. (FIG. 4.) 

[0055] Homologous recombination may also be employed to replace or modify a 
promoter for a gene of interest in a cell. Such a homologous recombination event may, for 
example, allow inducible control of the gene of interest: Vectors traditionally used in 
homologous recombination in embryonic stem cells may be used in the somatic stem cells. 
Examples of genes of interest include, but are not limited to, platelet derived growth factor 
(PDGF), epidermal growth factor (EGF), fibroblast growth factor (FGF), brain derived 
neurotrophic factor (BDNF), glial derived neurotrophic factor (GDNF) and ciliary neurotrophic 
factor (CNTF). 

[0056] The present invention may be further understood by the following non-limiting 
examples. 

Example I 

[0057] To test the ability of glial progenitor cells to grow in culture, levels of 
telomerase activity, the ability to divide for prolonged periods in culture and the ability to deliver 
DNA into the cells using electroporation, Lipofection™ and retroviral infection were evaluated. 
See, Rao et al., "A Tripotential Glial Precursor Cell is Present in the Developing Spinal Cord" 
/WAS USA 95:3966-4001 (March 1998); Rao and Mayer-Proschel, "Glial-Restricted Precursors 
are Derived from Multipotent Neuroepithelial Stem Cells" Developmental Biology 188: 48-63 
(1997); U.S. Patent 6,361,996 and U.S. 6,235,527, the contents of all of which are incorporated 
herein by reference. 
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[0058] FIG. 8 illustrates GRP cells expressing telomerase activity. NEP cells and El 4 
mixed cells were obtained from freshly dissected E10.5 and E14 embryos. A2B5 positive GRP 
cells were selected from El 4 mixed cells sorted by flow cytometry. Extracts, equivalent to 1000 
cells were analyzed for telomerase activity with standard TRAP assay. Levels were quantified 
and are presented in a table format (FIG. 8, part b). "HI" samples are heat-inactivated controls. 
TERT expression was assessed by RT-PCR using gene specific primers (FIG. 8, part c). Thus, 
glial progenitor cells are candidates for homologous recombination events. 

Example II 

[0059] A vector is designed for homologous recombination and it is shown that 
recombination may be achieved at a particular site using the designed vector. A gene of interest 
is cloned into a vector backbone such that expression of the protein is regulated by a 
constitutively active ubiquitous or cell type-specific promoter. The vector is inserted into 
cultured progenitor cells by, for example, electroporation, Lipofection™ and/or cell fusion. The 
vector design is such that it contains regions of homology with specific sequences in the 
particular subject (e.g., human, rat or mouse) genome. Such homologous sequences include but 
are not limited to the Rosa locus, the RNApolII locus and the beta-actin locus. These 
homologous sequences allow recombination to occur between the inserted DNA and the 
homologous sequences in chromosomal DNA as the cell undergoes replication. 

[0060] Site specific integration requires the ability to obtain sufficient numbers of cells 
that can be grown in culture for a sufficient time period to successively select the cell in which a 
site specific recombination event has occurred. We have shown that for glial progenitor cells, 
astrocyte precursor cells, and mesenchymal stem cells, we can obtain cells in large numbers that 
self-renew, allow transfected genes to be expressed, and are amenable to selection using 
neomycin and puromycin. FIG. 1 depicts examples of prototype vectors which illustrates that 
electroporation may be used to insert DNA into cells. Tested methods of insertion of DNA 
include electroporation, Lipofection™, viral transfer, and calcium phosphate mediated transfer 
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which suggests that any other standard commercially available gene delivery agent having an 
efficiency of at least 20% may be used according to the present invention. 

[0061] Constructs to target the Rosa 26 locus, RNA pol II and GAPDH loci have been 
developed to show that any cloned loci of interest may be targeted. Several variations of such 
plasmids have been used. Either promoter-containing or promoter-less constructs with or 
without splice donor or acceptor sites may be used. Constructs with IRES sites or floxed gene 
products may be made using methods that are well described and readily obtainable by one 
skilled in the art. A detailed review of vectors and constructs used for homologous 
recombination is described in (Court et al., 2002, Copeland et al., 2001) and examples of some 
variants of vectors are described herein. (FIG. 2.) 

[0062] A vector may be promoter-less without an enhancer to be integrated 
downstream of an endogenous enhancer (e.g., Rosa 26). According to the present invention, the 
vector may be a construct with an additional enhancer element that allows exogenous control of 
gene expression in addition to that provided by an endogenous enhancer as in the promoter-less 
vector. Promoters including, but not limited to CMV, PGK, prion proteins or any promoter 
suitable for driving expression in progenitor cell populations, may be integrated upstream of an 
endogenous gene, for example, one encoding GDNF. 

[0063] A vector may be a construct with either a splice donor or splice acceptor site to 
allow expression following integration into specific regions of the targeted locus. A vector may 
be a construct with an IRES site to allow efficient expression of the desired protein following 
integration into a specific region of the endogenous gene. Further, according to the present 
invention, a suitable vector may be any variation of such constructs. Examples of such 
recombination are shown in Figures 3-6. 

Example III 

[0064] A vector was designed for homologous recombination. To construct a sequence 
that targeted the mouse Polr2a locus, IRES-neo sequences were cloned into the 3' non-coding 
sequence (flanking exon 28) of the mouse Polr2a locus. (FIG. 15) (SEQ ID. NO:l). 
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Specifically, we inserted an internal ribosomal entry site (IRES) element linked to the gene for 
neomycin resistance (neo) in a genomic DNA fragment containing the last three exons and the 3' 
untranslated region (3'UTR) of the Polr2a gene (Figure 3; 3'UTR is depicted as a hatched box, 
pA is polyadenylation signal). The neo gene lacks any promoter sequence; it is translated from a 
second cistron using the IRES element and its expression is dependent on proper integration in 
the genome, i.e. 3' of the endogenous promoter. This strategy greatly enhances the frequency of 
homologous recombination at a given locus (Tvrdik and Capecchi, unpublished observation). 
We chose the Polr2a gene, encoding the large subunit of RNA polymerase II, because it is an 
essential gene with high enough expression to ensure sufficient levels of neomycin resistance. 
The final targeting vector was linearized and introduced in GRP cells using electroporation (Expt 
4a and Expt 4b) or lipofection (Expt 4c). The cells were allowed to recover for 24 hours and 
then placed in medium containing 70 micrograms/ml G418. In Experiment 1, 10 8 GRPs were 
electroporated. In Experiment 2a and 2b, 2 X 10 7 GRPs were used. 

Example IV 

[0065] Targeted transgene integration via homologous recombination in mammalian 
somatic stem cells was performed (Experiment 4a, Experiment 4b and Experiment 4c) that 
targeted transgene integration to specific sequences in the 3' untranslated sequence of the Polr2a 
gene of glial progenitor stem cells (GRPs) isolated from embryonic mouse brain. 

[0066] Procedures for isolating and culturing mouse GRPs have been previously 
published. GRPs, expanded by thawing and passaging of frozen primary cells, were cultured in 
DMEM/F12, IX N2 supplement, IX B27 supplement, 20ng/ ml of human basic FGF and IX 
penicillin and streptomycin. In Experiment 4b and 4c, B27 supplement lacking retinoic acid was 
used. Cells could be efficiently transfected by either electroporation (-40% of surviving cells 
transiently expresses a reporter gene) or Lipofection™ using Fugen Transfection Reagent (-12% 
of cells transiently expressed a reporter). 
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[0067] Primary GRP cultures are sensitive to neomycin (FIG. 13) and thus, selection 
for resistance to G-418 following cell transfection allows isolation of cell clones expressing a 
stably integrated neomycin resistance marker (FIG. 14). 

[0068] Cells were transfected with the vector of Example III using electroporation 
(Experiment 4a and Experiment 4b) or Lipofection™ (Experiment 4c), allowed to recover for 24 
hours and then placed in 70 micrograms/ml G418. In Experiment 4a, 10(8) GRPs were 
electroporated. In Experiment 4b and Experiment 4c, 2 X 10(7) GRPs were used. 

[0069] Neomycin positive clones were observed in all three independent transfection 
experiments (FIG. 14 shows examples from Experiment 4a). 57 clones were seen in 
Experiment 4a, 29 in Experiment 4b and approximately 100 in Experiment 4c (in which case the 
cell clones were often too close proximity to be easily distinguished). Cells from isolated clones 
were picked and used to seed two tissue culture wells: one to be frozen, the other to be used to 
analyze the nature of IRES-neo sequence integration in the specific clone. 

[0070] In Experiment 4a, nine clones grew to levels sufficient for molecular analysis by 
PCR using oligonucleotides shown in FIG. 15. This low success in growing the clones was 
attributed to the presence of retinoic acid in B27 supplement. In Experiments 4b and 4c, where 
B27 supplement lacking retinoic acid was used, 40 of 53 clones grew vigorously after being 
picked. 

[0071] In FIG. 16, the PCR reaction was performed with oligonucleotides 
corresponding to Polr2a sequences, one contained in the targeting vector (QT26) and the other 
about 2.6 kb away in Polr 2a (QT23). In cases of homologous recombination, a 2.6kb PCR 
fragment seen the wild type Polr2 locus, was expected to be interrupted by the 1.5 kb IRES-neo 
sequence and thus yield a -4.1 kb fragment. 

[0072] In Experiment 4a, DNA from 1 1 clones (A-K) was prepared of which two (B 
and J) were discarded from consideration on the basis of the absence of a control band indicating 
sufficient genomic DNA for successful PCR analysis. All of the nine remaining clones showed 
presence of at least one wild-type Polr2a allele, as evidenced by the 2.6 kb PCR amplified 
fragment. However, four (F, G, H and K) showed an additionally 4.1 kb band, predicted to arise 
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following homologous recombination mediated, targeted integration of IRES-neo into the 2.6 kb 
Polr2a fragment. 

[0073] Two of 17 clones analyzed from Experiments 4b and 4c had IRES-neo 
integration into the Polr2a locus; one of these two resulted from homologous recombination 
(FIG. 17). In Experiments 4b and 4c, DNA from 15 clones (pooled results from 4b and 4c) were 
prepared and analyzed by PCR. In this analysis, two independent PCR amplification reactions 
were performed. First, as for Experiment 4a, an oligonucleotide pair flanking the presumptive 
IRES neo integration in Polr2a was used. One of the oligonucleotide sequences (QT26) was 
contained in the original targeting vector and the other (QT23) in Polr2 sequences not included 
in the vector. In all 15 clones analyzed, a control 2.6 band deriving from a wild-type Polr2a 
allele was observed (FIG. 17, part A). In two of the clones (2, 13) an additional larger band was 
observed. For clone 13, the band was ~ 4.1kb, precisely as predicted following homologous 
recombination-mediated targeted integration. For clone 2, the band is larger than 6kb. Thus, 
while clone 2 carries a disrupted Polr2a gene, it is not likely to have arisen following a single 
homologous recombination event. 

[0074] The involvement of additional rearrangements in clone 2 but not clone 13 is 
further evidenced by a second PCR analysis. In the second PCR analysis (FIG. 17, part B), the 
oligonucleotide pair was chosen such that a PCR amplified fragments should only be seen with 
template DNA from clones in which targeted integration has occurred. Thus, one of the 
oligonucleotide primers lies within the IRES itself, the other corresponds to Polr2a sequences 
flanking, but not included in, the targeting vector. A 2.8 kb band is predicted if IRES-neo was 
precisely integrated via homologous recombination. This 2.8 kband is clearly visible in clone 
13. In clone 2, a fragment was amplified indicating integration of IRES-neo in Polr2a, however 
this fragment significantly larger. This analysis provides additional evidence that in clone 2 (but 
not clone 13), IRES-neo integration into Polr2a was accompanied by additional rearrangements 
of local DNA. No fragments are amplified within any of the other 13 clones, consistent with 
data in Figure 17, part A, indicating that IRES-neo integration in these clones occurred by a 
non-targeted mechanism. 
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[0075] Sequencing the IRES-Polr2a amplified fragment from clone 13 (FIG. 17, part 
B) confirmed, that the fragment derives from the Polr2a locus and confirms interpretation of the 
PCR data. The Polr2a locus is not expected to be unique in allowing a relatively high frequency 
of homologous recombination as -200 loci in embryonic stem cells have reported comparable 
rates for most genes that are not transcriptionally silent. 

Example V 

[0076] Thus, the feasibility of successful homologous recombination in somatic stem 
cells, specifically in murine glial progenitor cells has been demonstrated. This technology is 
easily generalized to glial stem cells, as well other classes of somatic stem cells, in all mammals 
including Homo sapiens. In view of the results of Examples I, II, III, and IV, methods of 
maintaining and culturing stem cells are optimized such that stem and precursor cells express 
high levels of telomerase (TERT) synthesize TERT (an enzyme which repairs the tips of 
chromosomes which would otherwise shorten each time a cell divides) and are maintained in an 
undifferentiated state for at least ten generations, it is possible to obtain homologous 
recombination in other progenitor cell populations. To test this hypothesis, mesenchymal stem 
cells and astrocyte precursor cells are used and it is shown that homologous recombination is 
possible in these cell types. 

Example VI 

[0077] Foreign DNA may be inserted into cells and the cells may then be selected on 
that basis. Further, the insertion of foreign DNA does not alter the overall properties of the 
modified cells. (FIG. 9, FIG. 10; Wu et al. "Isolation of a Glial-Restricted Tripotential Cell Line 
from Embryonic Spinal Cord Cultures"; GLIA 38:65-79 (2002).) Stem or progenitor cells having 
DNA inserted into a homologous site are isolated and selected using a selectable gene marker. 
The cells are then used for subsequent experiments including, but not limited to, transplanting 
the stem or progenitor cells into a subject such that replacement of a gene product corrects an 
abnormality or deficit. Examples of such abnormalities include loss of a catalytic enzyme, 
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reduction in levels of growth factors or their receptors and novel expression of a protein in a cell 
not normally expressing the protein. In the present invention, neo is expressed in glial progenitor 
cells at the Polr2a locus. 

Example VII 

[0078] In a related experiment, DNA encoding a therapeutic analgesic peptide is 
integrated into the Rosa locus of glial progenitor cells via homologous recombination. The glial 
progenitor cells are screened per the protocol of Example VI and transplanted in the spines of 
subjects, such as rodents. The glial progenitor cells secrete the integrated protein and are tested 
for efficacy in a rodent pain model. 

Example VIII 

[0079] Cells may be retargeted for gene insertion to develop additional subclones. 
(FIG. 1 1; Wu et al. "Isolation of a Glial-Restricted Tripotential Cell Line from Embryonic Spinal 
Cord Cultures"; GLIA 38:65-79 (2002).) Progenitor cell lines in which at least one homologous 
recombination event successfully occurred are generated such that at least one exogenous 
sequence is placed in a selected site in the genome of a glial progenitor cell such that the same 
selected site is repeatedly targeted. For example, an inserted gene sequence is replaced with a 
third gene or fourth gene in a reproducible manner. 

[0080] Once a site is specifically targeted and successful recombination is obtained, it 
is possible to retarget the same site at a substantially higher efficiency. One way to accomplish 
this is by engineering the BAC (bacterial artificial chromosome) including the locus of interest to 
contain alternative sequences at the targeted site (using homologous recombination in bacteria) 
and then using these new BACs as for performing homologous recombination in glial progenitor 
cells. A second way is to use a "floxed gene" (Cre/lox system), and other systems including 
<DC31/AttP/AttB or Fly/FRT, such that recombination occurs at the floxed locus at high 
efficiency replacing the existing locus with a new DNA. New DNA at the targeted site may 
serve to introduce a single site mutation, replace an existing exon or the entire gene. The new 
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DNA may replace an existing sequence or may add to the existing sequence. A figure of one 
such strategy is shown in FIG. 7. Note, repeat targeting can be performed in several ways and 
one example using Floxed sites is shown. Another example of repeated targeting is shown in 
FIG. 12 wherein a single flox site is used to add a new DNA sequence. The techniques 
illustrated in FIG. 7 and FIG. 12 may be used in parallel or separately. 

[0081] FIG. 4 depicts an example of using a vector containing an IRES site to direct 
expression of a transcript from an endogenous promoter. 

Example IX 

[0082] Homologous recombination is performed in a glial progenitor cell and multiple 
clones of the cell are obtained that express different candidate growth factors for evaluating the 
efficacy of growth factor delivery in vivo and allowing direct comparisons of gene expression. 
Thus, the glial progenitor cells act as delivery vehicles for the expressed proteins expressed by 
the genes. This process is also repeated for mesenchymal stem cells and astrocyte precursor 
cells. 

[0083] The candidate factors include PDGF, a growth factor that triggers glial 
progenitor division and differentiation, and thus has potential for treatment of glial loss disorders 
including MS, ALS and leukodystrophies. Such factors also include GDNF, glutamate 
transporter and enzymes involved in leukodystrophies or lysosomal storage disorders. Another 
class of candidate therapeutic factor would cause increased secretion of therapeutic factors made 
by the glial cell: such molecules include dominant-negative forms of the mannose-6-phosphate 
receptors that, by inducing secretion of a large number of different lysosomal proenzymes, may 
generate cells useful for treatment of several different lysosomal storage disorders. 

[0084] Glial progenitor cells are integrated with the gene encoding platelet-derived 
growth factor ("PDGF") and introduced into the brain or spinal cord of a subject. The 
introduced cells express PDGF which promotes a proliferation of glial progenitor cells and their 
differentiation into oligodendrocytes. See, e.g., U.S. Patent 4,889,919, U.S. Patent 4,845,075, 
U.S. Patent 4,766,073, U.S. Patent 4,801,542, U.S. Patent 4,350,687, U.S. Patent 5,096,825, U.S. 
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Patent 5,439,818, U.S. Patent 5,229,500, U.S. Patent 6,077,829, U.S. Patent 5,438,121, U.S. 
Patent 5,180,820, U.S. Patent 6,221,376, U.S. Patent 6,093,802, U.S. Patent 6,362,319 and U.S. 
Patent 4,997,929, the contents of each of which are incorporated herein by reference. 

[0085] Glial progenitor cells are integrated with the gene encoding epidermal growth 
factor ("EGF") and introduced into the brain of a subject. The introduced cells express EGF 
which maintains neural stems cells in a proliferative state. 

[0086] Glial progenitor cells are integrated with the gene encoding brain-derived 
neurotrophic factor ("BDNF") and introduced into the brain of a subject. The introduced cells 
express BDNF which facilitates the survival and differentiation of neuronal precursors in the 
sub ventricular zone implicating a possible role in the treatment of Huntington's disease. 

[0087] Glial progenitor cells are integrated with the gene encoding ciliary neurotrophic 
factor ("CNTF") and introduced into the brain of a subject. The introduced cells express CNTF. 

[0088] Glial progenitor cells are integrated with a cDNA encoding a lysosomal enzyme 
such as the tripeptidyl aminopeptidase-1 (TPP-1). The introduced cells overexpress and secrete 
TPP-1 of therapeutic benefit for many forms of LINCL/ Batten's disease. 

[0089] Glial progenitor cells are integrated with a cDNA encoding the soluble 
extracytoplasmic form of a mannose-6-phosphate receptor. The introduced cells secrete a large 
number of different lysosomal proenzymes at high levels and may be useful for treating nervous 
system defects associated with varied lysosomal disorders. 

Example X 

[0090] Homologous recombination is performed at a first locus in glial progenitor cells 
and then the obtained clone is reselected for a second recombination event which duplicates the 
change introduced by the first recombination event at the second allele. Such homozygous 
mutant cells may be obtained by either reselecting using a higher concentration of the selection 
agent or undertaking a second recombination process as the first in the same cell line. 

[0091] Homologous recombination in cultured cells will generally target one allele of 
the locus of interest. To obtain cell lines homozygous at this locus one of two strategies can be 
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attempted. Growth in high concentration of the selection agent can be used to obtain 
homozygotes or the site can be retargeted in a second recombination event as described earlier. 

[0092] Although described with the aid of various illustrative embodiments and 
examples, the invention is not necessarily so limited. 

[0093] Table 1 : Stem cells present in selected tissues. Only a partial list has been 
compiled to illustrate that tissue-specific stem cells have been isolated from all three major germ 
layers and selected organ systems. 





Cells 


Properties 


Ectoderm 


Neural stem cell 


Self-renewing and able to differentiate into 
neurons, astrocytes and oligodendrocytes 




Neural crest stem 
cell 


Self-renewing and able to generate neurons and 
Schwann cells 




Skin-derived stem 
cell 


Able to generate neural, glia, smooth muscle cells 
and adipocytes 


Mesoderm 


Muscle-derived stem 
cells 


Multipotent and self-renewal. Not committed to 
myogenic lineage only 




Circulating skeletal 
stem cells 


Multipotent with both osteogenic and adipogenic 
potential 




Processed 
lipoaspirate 


Differentiate into adipogenic, chondrogenic, 
myogenic, and osteogenic cells 




Mesenchymal stem 
cell 


Give progenies committed to a specific phenotypic 
pathway in cartilage or bone tissue 




Umbilical cord blood 
stem cell 


Self-renewing and multipotent 
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Cells 


Properties 




Hematopoietic stem 
cell 


Self-renewing and multipotent 


Endoderm 


Fetal liver epithelial 
progenitor cells 


Form hepatocytic cluster and generate parenchymal 
and bile duct cells 




Facultative liver stem 
cells (oval cells) 


Bone marrow origin, generate epithelial cells 
within the liver, hepatocytes and bile ductular cells 




Embryonic renal 
epithelial stem cells 


Differentiate into myofibroblasts, smooth muscle, 
and endothelial cells 




Pancreatic islet stem 
cells 


Differentiate ex vivo into pancreatic endocrine, 
exocrine, and hepatic phenotype 




Intestinal epithelial 
stem cell 


Give rise predominantly to enterocytes, 
mucus-secreting Goblet cells, peptide hormone 
secreting enteroendocrine cells, Paneth cells and M 
cells 
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[0094] Table 2: Precursor cells present in selected tissues. Only a partial list has been 
compiled to illustrate that precursor cells have been isolated from all three major germ layers and 
selected organ systems. Note more than one kind of progenitor cell is usually present in any 
organ. References included serve as an example and are not meant to be comprehensive. 





Cells 


Reference 


LtlUUCI 111 


oKiii-ucnvcu nidbi ecu 


^jvamue ex ai., zuoi ) 




ociiwdiiij ecu precursor 


n<sccon of ai i gq/i\ 
^jessen ex ai., lyy^fj 




JVClallllULyiC irallolCTll ainpiiiying Ccllb 


^i^enrer ex ai., lyyo) 




ivicidnouyic precursor ceils 


^oiiver ex ai., lyoy) 


1V1 CoUUClTIl 


i^uciuidr progenitor uen 


^oeii, zuoi ) 




riciiiaiopoiciic progenitor vciia 


^lVieXCail, 1 yyo ) 




ivi ciaiicpiirogcniu iiicociiLJiyiiic precursor 
cells 


^/\j-/\wqaxi ana vjuver, 




Adipocyte precursors 


(Van and Roncari, 1982) 




Muscle precursor cells (myoblasts) 


(Yiou et al., 2002) 




Chondrocyte precursor cells 


(Fang and Hall, 1997) 




Osteoprogenitor cells 


(Long etal., 1995) 




Fetal lung mesenchyme cells 


(Akeson et al., 2000) 




Thymus-derived myoid precursor cell 


(Oka et al., 2000) 


Endoderm 


Pancreas precursor cells 


(Alpert et al., 1998) 




Ureteric bud precursor cells 


(Al-Awqati and Oliver, 2002) 



27 



SEQUENCE LISTING 



<110> Rao, Mahendra S 

Cappechi, Mario R 

<120> Persistent Expression of Candidate Molecule in 

Proliferating Stem and Progenitor Cells for Delivery of 
Therapeutic Products 

<130> 2923-5456. IPC 

<150> US 60/440,152 
<151> 2003-01-13 

<160> 1 

<170> Patent In version 3.2 

<210> 1 

<211> 12607 

<212> DNA 

<213> Mus musculus, synthetic 
<220> 

<221> misc_f eature 

<222> (1). .(2166) 

<223> Region: pUC vector 
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<220> 

<221> gene 

<222> (2191) . . (6098) 

<223> Polr2a 

<220> 

<221>. misc_f eature 

<222> (2291) . . (2.477) 

<223> Exon 26 of polr2a gene 

<220> 

<221> misc_f eature 

<222> (2817) . . (2966) 

<223> exon 27 of polr2a gene 

<220> 

<221> misc_feature 

<222> (3050) (4206) 

<223> Exon 28 of polr2a gene 

<220> 

<221> 3'UTR 

<222> (4207) . . (6098) 

<223> gene=Polr2a 

<220> 

<221>. misc_f eature 

<222> (4469) . . (5056) 

<223> Region: Internal Ribosome Entry Site (IRES) 
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<220> 

<221> gene 

<222> (5057) (5860) 

<223> gene=neo 

<220> 

<221> misc_f eature 

<222> . (12140) . . (12607) 

<223> Region: pUC vector 

<400> 1 

gtggcacttt tcggggaaat gtgcgcggaa cccctatttg tttatttttc taaatacatt 60 

caaatatgta tccgctcatg agacaataac cctgataaat gcttcaataa tattgaaaaa 120 

ggaagagtat gagtattcaa catttccgtg tcgcccttat tccctttttt gcggcatttt 180 

gccttcctgt ttttgctcac ccagaaacgc tggtgaaa.gt aaaagatgct gaagatcagt 240 

tgggtgcacg agtgggttac atcgaactgg a.tctcaacag cggtaagatc cttgagagtt 300 

ttcgccccga agaacgtttt ccaatgatga gcacttttaa agttctgcta tgtggcgcgg 360 

tattatcccg tattgacgcc gggcaagagc aactcggtcg ccgcatacac tattctcaga 420 

atgacttggt tgagtactca ccagtcacag aaaagcatct tacggatggc atgacagtaa 480 

gagaattatg cagtgctgcc ataaccatga gtgataacac tgcggccaac ttacttctga 540 
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caacgatcgg aggaccgaag gagctaaccg cttttttgca caacatgggg gatcatgtaa 600 
ctcgccttga tcgttgggaa ccggagctga atgaagccat accaaacgac gagcgtgaca 660 
ccacgatgcc tgtagcaatg gcaacaacgt tgcgcaaact attaactggc gaactactta 720 
ctctagcttc ccggcaacaa ttaatagact ggatggaggc ggataaagtt gcaggaccac 780 
ttctgcgctc ggcccttccg gctggctggt -ttattgctga taaatctgga gccggtgagc 840 
gtgggtctcg cggtatcatt gcagcactgg ggccagatgg taagccctcc cgtatcgtag 900 
ttatctacac gacggggagt caggcaacta tggatgaacg aaatagacag atcgctgaga 960 
taggtgcctc actgattaag cattggtaac tgtcagacca agtttactca tatatacttt 1020 
agattgattt aaaacttcat ttttaattta aaaggatcta ggtgaagatc ctttttgata 108.0 
atctcatgac caaaatccct taacgtgagt tttcgttcca ctgagcgtca gaccccgtag 1140 
aaaagatcaa aggatcttct tgagatcctt tttttctgcg cgtaatctgc tgcttgcaaa 120.0 
caaaaaaacc accgctacca gcggtggttt gtttgccgga tcaagagcta ccaactcttt 1260 
ttccgaaggt aactggcttc agcagagcgc agataccaaa tactgtcctt ctagtgtagc 1320 
cgtagttagg ccaccacttc aagaactctg tagcaccgcc tacatacctc gctctgctaa 1380 
tcctgttacc agtggctgct gccagtggcg ataagtcgtg tcttaccggg ttggactcaa 1440 
gacgatagtt accggataag gcgcagcggt cgggctgaac ggggggttcg tgcacacagc 1500 
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ccagcttgga gcgaacgacc tacaccgaac tgagatacct acagcgtgag ctatgagaaa 1560 
gcgccacgct tcccgaaggg agaaaggcgg acaggtatcc ggtaagcggc agggtcggaa 1620 
caggagagcg cacgagggag cttccagggg gaaacgcctg gtatctttat agtcctgtcg 1680 
ggtttcgcca cctctgactt gagcgtcgat ttttgtgatg ctcgtcaggg gggcggagcc 1740 
tatggaaaaa cgccagcaac gcggcctttt tacggttcct ggccttttgc tggccttttg 1800 
ctcacatgtt ctttcctgcg ttatcccctg[ attctgtgga taaccgtatt accgcctttg 1860 
agtgagctga taccgctcgc cgcagccgaa cgaccgagcg cagcgagtca gtgagcgagg 1920 
aagcggaaga gcgcccaata cgcaaaccgc ctctccccgc gcgttggccg attcattaat 1980 
gcagctggca cgacaggttt cccgactgga aagcgggcag tgagcgcaac gcaattaatg 2040 
tgagttagct cactcattag gcaccccagg ctttacactt tatgcttccg gctcgtatgt 2100 
tgtgtggaat tgtgagcgga taacaatttc acacaggaaa cagctatgac catgattacg 2160 
ccaagcttgc atgcctgcag gtcgagttcc cctttggcac tgctttccac tgttgattgt 2220 
tgggcaggat gggtgctgtg ggtgatgggt gctgtgggca gggagattaa tgtctcttct 2280 
ggttgttcag gtggatgtcc ttatggaagc agcagcacat ggggagagtg .acccgatgaa 2340 
gggagtctct gagaatatta tgctgggcca gctcgctcca gctggtactg gctgttttga 2400 
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cctcctgctt gatgctgaga agtgcaaata cggcatggaa atccccacca atatccctgg 2460 

cctgggggct gctggacgtg agtgtgtggg ctttcagctg tgtcaagctg gctgggtcat 2520 

gcttaagggt agacatacaa gggagtgcgt gcctttagcc' ccgagtgctg ctcctcataa 2580 

accactctgg gctctttgca gctaccggca tgttctttgg ctctgcaccc agtccgatgg 2640 

gaggaatatc tcctgc'aatg acaccctgga accagggtgc aactcccgcc tatggtgcct 2700 

ggtccccgag tgttggtgag tagcctcgtc caggaagaga agcgtcggac ttcgtgggtt 2760 

tggggctggg gaagggggtg ctagagctcc tgctgacgca cctgttcttc cttcagggag 2820 

cgggatgacc ■ ccaggagcgg ccggcttctc tcccagtgct gcatctgatg ccagtggctt 2880 

cagcccaggt tactcccctg catggtctcc cacaccaggc tctccgggct cccctggacc 2940 

ctcaagccca tacatcccct caccaggtga 'gctgct.acac catttcctcc ttcctccatg 3000 

tttgtatgcc gggctcttca ccactatttc cctttgtctt ttcctatagg tggtgctatg 3060 

tctcccagct actcaccgac atcaccagcc tatgagccac gctcccctgg gggctataca 3120 

ccccagagcc cctcctactc ccctacttca ccttcctact ccccaacctc tccatcttac 3180 

tctccaacca gtcccaacta cagccctacc tctcctagct actcgcccac ctcccctagc 3240 

tactcgccaa cctctccttc ctactccccc acctctccaa gctattcccc aaicctctcct 3300 

agctactccc caacctctcc aagctattct ccaacatcac ctagctattc tccaacttct 3360 
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cccagctact caccgacatc tcctagctac tccccaactt ctcccagcta ctcaccaact 3420 
tcaccaagct attctcccac ctcccccagc tactcaccga catctcccag ctactcacca 3480 
acttctccaa gctactcacc aacttctcca agctactcac ccaccagccc taactattct 3540 
ccaactagtc ccaactatac cccgacatca cccagctaca gcccaacctc acccagttac 3600 
tcacctacaa gtcccaacta tacacccacc agccctaatt acagcccaac ctctccaagc 3660 
tattccccaa cctcacccag ttattccccc acctcaccaa gctactcccc ctccagccca 3720 
cgatatacac cacagtctcc aacctacaca ccaagctcac caagctacag tcccagctca 3780 
ccaagctaca gccccacttc acccaagtac accccaacta gtccttccta cagtcccagc 3840 
tcaccagagt acaccccagc ttctcccaaa tactcaccta caagccctaa atattcaccc 3900 
acttctccca agtattctcc taccagcccc acttactcac ctaccacccc aaaatattct 3960 
ccaacctccc cgacatactc accaacctct ccagtctata ccccgacctc tcccaagtac 4020 
tccccaacca gccctaccta ctcgcccact tctcccaagt actcgcccac cagtcccacc 4080 
tactcaccca cctctcccaa gggctccacc tactctccca cttctcctgg ctactcaccc 4140 
actagcccca cctacagcct caccagccca gccatcagcc cagatgacag . cgatgaggag 4200 
aactgagcga acagggcgaa gagctggtta gggtcagaca acctcggtgg cctgtgtgtc 4260 
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acttccctca cctcacaggc tgtgacccta ccctgggtcc cttgtacata actccttgtg 4320 
acaaaaccct ctggaagttc tggaccccat ttttgatagg cttttttgtc ttgtcctcta 4380 
ctcatgctgt cttggactca ctgacccagc tgcagatatc gcggccgcga agttcctatt 4440 
ctctagaaag tataggaact tcggatccgc ccctctccct cccccccccc taacgttact 4500 
ggccgaagcc gcttggaata aggccggtgt gcgtttgtct atatgttatt ttccaccata 4560 
ttgccgtctt ttggcaatgt gagggcccgg aaacctggcc ctgtcttctt gacgagcatt 4620 
cctaggggtc tttcccctct cgccaaagga atgcaaggtc tgttgaatgt cgtgaaggaa 4680 
gcagttcctc tggaagcttc ttgaagacaa acaacgtctg tagcgaccct ttgcaggcag 4740 
cggaaccccc cacctggcga caggtgcctc tgcggccaaa agccacgtgt ataagataca 4800 
cctgcaaagg cggcacaacc ccagtgccac gttgtgagtt ggatagttgt ggaaagagtc 48 60 
aaatggctct cctcaagcgt attcaacaag gggctgaagg atgcccagaa ggtaccccat 4920 
tgtatgggat ctgatctggg gcctcggtgc acatgcttta catgtgttta gtcgaggtta 4980 
aaaaaacg.tc taggcccccc gaacca:cggg gacgtggttt tcctttgaaa aacacgatga 5040 
taatatggcc acaaccatgg gatccgccat tgaacaagat ggattgcacg caggttctcc 5100 
ggccgcttgg gtggagaggc tattcggcta tgactgggca caacagacaa tcggctgctc 5160 
tgatgccgcc gtgttccggc tgtcagcgca ggggcgcccg gttctttttg tcaagaccga 5220 
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cctgtccggt gccctgaatg aactgcagga cgaggcagcg cggctatcgt ggctggccac 5280 
gacgggcgtt ccttgcgcag ctgtgctcga cgttgtcact gaagcgggaa gggactggct 5340 
gctattgggc gaagtgccgg ggcaggatct cctgtcatct caccttgctc ctgccgagaa 5400 
agtatccatc atggctgatg caatgcggcg gctgcatacg cttgatccgg ctacctgccc 54 60 
attcgaccac caagcgaaac atcgcatcga gcgagcacgt actcggatgg. aagccggtct 5520 
tgtcgatcag gatgatctgg acgaagagca tcaggggctc gcgccagccg aactgttcgc 5580 
caggctcaag gcgcgcatgc ccgacggcga ggatctcgtc gtgacccatg gcgatgcctg 5640 
cttgccgaat atcatggtgg aaaatggccg cttttctgga ttcatcgact gtggccggct 5700 
gggtgtggcg gaccgctatc aggacatagc. gttggctacc cgtgatattg ctgaagagct 57 60 
tggcggcgaa tgggctgacc gcttcctcgt gctttacggt atcgccgctc ccgattcgca 5820 
gcgcatcgcc ttctatcgcc ttcttgacga gttcttctga ggggatcggc gaagttccta 5880 
ttctctagaa agtataggaa cttcgtcgac tgcagggttt tgttaccctg ccagtcccct 5940 
gcctcactcc accatgaagg tctctgcttt cctgtgactt gattgggata caggcattta 6000 
actttggaag gctagtttgg tgcctgctct gggtcataca cctgatctgg aagaacaaag 6060 
cttaagctgc ctttgttatt ttttgaaatt gaaataaagt ttactaattt tgaccaaaag 6120 
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tctgtatgtg tactgactgc ttaattgagg ctcagagagg caaaaattcc aagctcactg 6180 
agccttcttg aaaaactacg ggggctggtg agatggctga gcaggtaaga gcactgactg 6240 
ctcttccaaa ggtcatgagt tcaaatccca gcaaccacgc ggtggctcac agccatccat 6300 
aacgagatct gatgcccttt tctggagtgt ctgaagtcag ctacagtgta cttacatgaa 6360 
aggaaggaag gaaggaagga aggaaagaaa agaaaactac agaagatgct agtgcagaag 6420 
aagcaaaaat aatttgccta aatcctacca tcaggaagca tgtctttgtt tttgtttgtt 6480 
tgtttgcggg gaggggggca tgtttgttat aaagaaatgc ctgtgtagtc ctggctgttt 6540 
ggaagtgtct atactgacca ggtagcctcc aactcagata tgttctgcct ctgcctcagg. 6600 
agtgcaagga cctaacctta aaatattttt gttaggattt gtttctaaat gagggatttt 6660 
ttggtgtttt gttttacata tataagtgtg taccatatgt atctagtgcc caatg.atcag 6720 
aagagggcgt tgggtctctt gataattatg agccaccatg ggggcattgg aaaccaaatc 678.0 
catgttctct gacagaacaa gtggggttgg ttggttttta gtttaagact agggtttctc 6840 
agtatagcct tggctaccct cagactcccc agtgcaggga ttaaagcacc actaccacca 6900 
gcccagaaca catgttggcc taattgctga accatctctc cagcttceca gtccccattt 6960 
tgatattttt attctacaca taggagaata cctgcctcta tctctggaat gctgggatta 7020 
tagacacatg ccaccaaacc tagccttata acttaatttt ttagaaagat ttttgccagt 7080 
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aggggtagca cacaaattta ccagcactcc agaggcagag gaaggcagag ttgtacctgg 7140 
cctacatagt aacttccagg acagccaggg ctacatagtg aaatcttgtc tcaaaaaaca 7200 
aagtttaatt aagctagaga catgaattct ttgttaagag tgctcagtac acttggcaga 7260 
ggacccaagt tcaatttcca gcatacacca ggcagtagtc acaactaccc ataagctcca 7320 
cctagcctcc aacacagcct gcattcagta cacacacaca tatataagtt aaaggtcttt 7380 
taaaaacaaa aacgggagtt atggtgctgg agagatagct cagggtaaga gcagtgtatt 7440 
gctcttgagg ggacctgggt ccaggcacac acttggcaca catacataca tgaagacaag 7500 
acactcagaa gtaaatctat aaagggggtc acctattttt attttctgtg ggtattcatg 7560 
tctcagtgca ttgtggtgcc aggcctggct. ttcacatgaa tgctggagac agcgcaagtc 7620 
ctgatgcttg aggggcagac actaccaaaa gaccaaagga atcagctctc tagctttcca 7680 
gtcacagctt tgatttccga agttacttct tgatgagaaa tgtaactgac tagaacaatt 7740 
catctttgcc tttggccttt tttcccctat tttgagactt actattttat gtgtatgaat 7800 
gtttcccttg cataggagtg catgtaccac gtgcatgcca agtgcccacg gtccacagag 7860 
atcagaaggt ggtgttggat cccctggaac tagagttagg aatagttatg agtcaccctg 7920 
tgcgtgctat caggccgtct ggaagaacac tagagcagtc tgcatctctc atgccctata 7980 
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accatttttt aaaaattaaa cttttaggct agagaggtgg gttagtggtt gaggaccacc 8040 
tacatggttc aattcccagt acctacatgg tggctcacag acatctgtaa ccacagttcc 8100 
aggggatcca acaccttcct ctgacctcag agggtaccaa acaaacctgt gtgggacaca 8160 
ggcatacata caaacaaaat acccatatac acaaaataaa aattcattca ggatttaaaa 8220 
agtggaaatt tgccgggcgt ggtggtgcac gcctttaatc ccagcacttg ggaggcagag 8280 
gcaggcggat ttctgagttc gaggccagcc tggtctacaa agtgagtttt ccaggacagc 8340 
cagggctata cagagaaacc ctgtctcagg gggggtgggg gggagtggaa atttcaggct 8400 
ggagagatgg ttcagaggtt aagagcactg -tctgctcttc cagaggtcct gagttcaatt 8460 
ctcagcaagc tcgtggtggt ttataaccat ctgtaatggg atctagtgcc ctcttctggc ' 8520 
ccacaggata catgcaggaa gaatgctgta tacataattc tctctctctt tctctctctc 8580 
tctctgtcgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt 8640 
gtgtgtgtgt gtttcaagac agggtttctc tgtgctagcc ctggctgtcc cggaactcac 8700 
tctgtagacc aggctagcct cgaactcaga aatctgcctg cctcccaagt gctgggattt 8760 
taaaaagtgg aactttcagc aagctactac acttatctaa tctgcaaeaa gatcttatta 8820 
cacaggaaca ttcagtttta tgaagccagc catagtggtt tcagtctgta attccagcat 8880 
gtcggtggcc aagcaccagg actgctacta gttggagccc agcttggact acatcctgaa 8940 
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agtgagaaaa ctgagctaca gagtgagact cccaggagat acagatacag gattctatga 9000 
aactttgagg tcagctatgt tgccgacatt ggcctcatgc ttggaatctt cttgcatgac 9060 
accctcaagc attagaatca tgagtgtcag catgccaaac tttcattact gattatagac 9120 
tttaatgact gagccatttc tccagcccct tattagtttt attatatttt atttggtttt 9180 
gggatgtgtg cgtgtatgtg catgtgtgtg cacgcacaca tgtaatagtg ccaatggagt 9240 
tcaaaagaca acttgtgaga gttggttctc tcccaggggt caaactcagg cttcagcctc 9300 
tgtagcagat gccttgagcc actgagccat cttgctgcct gcccatttta aaaataatta 9360 
actgctgggt atggtggtac aaagctttaa tcctagaact ctggacacaa agccaatcag 9420 
aactctatgt ctgagaccag cctgatcttc atagcaagtt ccactccagt cagagctatg 94 80 
tagtgaggcc ctgtctaaat ataaataaat agcacaagag ctgcagccat agcacccagc 9540 
cagaatagca tgatccagaa gcccctcttc cacaaggatt ggcagcagtg aacgggcact 9600 
cagttcaacc aactggcaca ccagatccac aaacgcaagg ccgggaatcc aaagtgtgcc 9660 
acaatgcccc ctcacccagt gtcaggtccc atcaggccca tagtgaggtg ccctatgatg 9720 
agataccaca ccaaggtcca agatggcagg gactccagcc tggaagaact cagggtgact 9780 
ggtatccacg agaaagtggg atgcagcatc gtggcacctt cgtggaccca aggagaagca 9840 
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ggccagcatg cagagcagca cctctccaag ctcatgcttt cccccaggaa accctctgct 9900 
ccaaagggag ctagttccgc tgaagaactt atattaccca ccggcttaca ggacctggga 9960 
tgcccatctg gaatgtctac aaaaagggaa aagccagagc cgccccagaa gaagaggagt 10020 
gggagacttt gaccagtctt agggtccggg ccagtgcccg gctccttgcc acccaaatac 10080 
aaagggcaaa gaaagctgga gaacaagatg ccaaaaagta gtgagccatt agagtattgc 10140 
aataaaattc ccataaggca aataaataaa caaacagata aatacatgaa atagatggtt 10200 
gactgttact acgacatggc tgaactttaa ttattttgtt cttagaagca ttgcttccct 10260 
ctttcctacc- a'ctatgaaaa gttttttttt tttttcattt aatagtttca ttaatttggg 10320 
catgttattt agctccaaat gtttaaattg aatatttaag gaaattaaat ggaaaaacgg 10380 
cctgtgatat agctcagcca gtgaaggtgc ctgctgacct gctgacctga tttccatccc 10440 
tgggagccca catggtacaa gggaggacca actcctataa attgtcttgt cctctctctc 10500 
tctctctctc tctctctctc tctctcatgt gtgtgtgtgt gtgataaaga tgactctgta 10560 
cttaagagca catgtgctg-c tcttccagaa gacctgagtt cagctcccag catctgtgtc 10620 
agaagttcat aatcactcta gctccaggct gtctgatgcc tctaaaaaaa tacctgcatt 10680 
caaatgcaca aacccacact caggcaccca catacacaca aataaatatt tttgatgcag 10740 
taaaggagtt gttaagagca cttgctgttc ttgcagaaga ctcaggtttg gttcctggca 10800 
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ctcccatggt ggtttcttgt ccttgactcc aattcagggg atatggcgcc ctcttctggc 10860 
aactgaacgt accaagaatg cactcagcgc acttacatac tggcagaaaa tatactcata 10920 
cacataaaaa ctctaaatct tggggctaga gagatggctc agtggttagg agcccctgga 10980 
tctggctggt cttatagagg atccagggtt caattcccag caccaagtgg cagctggcaa 11040 
ctgtaactcc agttccagga gatctgacac cctcatagaa acacacacag gaaaatgtgt 11100 
ataaaaatat aattttaaga gccaggaagt gatggcacac acctttaatt ccagcacttg 11160 
ggaggcagag gcaggtggat ttctgagttt gaggccaacc tggtctatag agtgagttcc 11220 
aggacagcca gggctacaca gagagactct gtctcaaaaa accaaaaata aataaataaa 11280 
aataaaatgt taaaataata aaaaattatt aataataata acaacaacaa gaatagatga 11340 
agaacaacaa caacaacaac aatcatgggc atttattttt ctagggtaac tttcccaggt 11400 
ggaattgaat tttctcattg gagatgggtc tcagaagcaa cgttcccagt cctgtgctta -11460 
actaactata attttggaag aaattcaaaa tctgaccaaa actacaaata aaagctaagt 11520 
gtggtggttc atgcctctga ccccagctct caggaggcag aggcaggcag atccctgtaa 11580 
gtttgagacc agcctggtca tccagggcta cacagaaaaa ccctatctta aaaaacaaaa 11640 
tcaggggctg gtgagatggc tcaggggtta agagcgccga ctgctcttcc taaggtcctg 11700 
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agttcaagtc ccagcaacca catggtggct cacaaccatc ggtaatgaga tctgactccc 11760 
tcttctggag tgtctgaaga cagctacagt gtactcacat ataataagta aataaatatt 11820 
aaaaaaaaaa aaaaaccaaa atcaaagtct ttaaagttcg ataaaaaaaa ttaaagaaga 11880 
aaatagtatt gttttgtgtc cccctagata ggctgtgttg cccaattcac gtgctcctga 11940 
gggcctgaga catgcgctct tttccttcag cataggaaac tcccttttcc atactccctg 12000 
cccagcagtg ttgcttgtgg tagacgcttg gtttttatct ggagttctcc attctccctt 12060 
caaagggata tctcccccga cctcagcgac gtcatgcata gcgctgcgat cgcgttaacc 12120 
ccgggtcgcg aaagcttggc actggccgtc gttttacaac gtcgtgactg ggaaaaccct 12180 
ggcgttaccc aacttaatcg ccttgcagca catcccc'ctt tcgccagctg gcgtaatagc 12240 
gaagaggccc gcaccgatcg cccttcccaa cagttgcgca gcctgaatgg cgaatggcgc 12300 
ctgatgcggt attttctcct tacgcatctg tgcggtattt cacaccgcat atggtgcact 12360 
ctcagtacaa tctgctctga tgccgcatag ttaagccagc cccgacaccc gccaacaccc 12420 
gctgacgcgc cctgacgggc ttgtcfgctc ccggcatccg cttacagaca agctttgacc 12480 
gtctccggga gctgcatgtg tcagaggttt tcaccgtcat caccgaaacg cgcgagacga 12540 
aagggcctcg tgatacgcct atttttatag gttaatgtca tgataataat ggtttcttag 12600 
acgtcag 12607 
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